Introduction
In vitro production (IVP) of bovine embryos is a useful tool for basic embryological studies as well as commercial applications. Blastocyst developmental rates between 30% and 40% of the matured oocytes can be obtained with optimized IVP systems (Brackett and Zuelke, 1993; Trounson et al, 1994) . In general, bovine embryos are cultured in media supplemented with serum often in a coculture with somatic cells (Bavister, 1995 (Kruip and denDaas, 1997) .
The most prominent correlation is that the high serum content of the media is a major factor related to this phenomenon (Thompson et al, 1995) .
Preimplantation embryo development is characterized by distinct morphological steps such as compaction, cavitation, and blastocoel expansion, requiring the well-orchestrated expression of genes derived from the maternal and embryonic genome (Kidder, 1992) . The burst of genomic activation of embryos grown in vitro occurs at the 8-16-cell stage (Telford et al, 1990) , while some activation is seen at the 2-4-cell stage (Plante et al, 1994; Hyttel et al, 1996; Viufif et al, 1996;  Bilodeau-Goeseels and Schultz, 1997a) . However, RNA tran¬ scription of bovine embryos generated in vivo has already been detected at the 1-2-cell stage and appears to be downregulated at the transition from the 2-to the 4-cell stage or at the 4-cell stage (Hay-Schmidt et al, 1997 (Rambhatla and Latham, 1995) .
Most of the currently available information on transcription of specific genes in preimplantation development stems from mice. In bovine embryo development, the majority of the information on transcriptional activity is derived from studies in which radiolabelled dUTP uptake is used (Camous el al, 1986; Kopecny et al, 1989; Plante et al, 1994; Hyttel et al, 1996; Viuff et al, 1996) . However, with the improvement of IVP systems for bovine embryos (Trounson et al, 1994) and the availability of the highly sensitive reverse transcriptasepolymerase chain reaction (RT-PCR), information on the genetic activity of bovine embryos is growing and it is now feasible to characterize the transcriptional patterns of developmentally important genes (Watson et al, 1992; Harvey et al, 1995; Wrenzycki et al, 1996; Betts et al, 1997; Winger et al, 1997 ).
The genes analysed in this study were chosen to characterize the effects of a widely used IVP system on physiological processes involved in compaction and cavitation, glucose metabolism, RNA processing, stress and early differentiation.
The gap junction protein connexin43 (Cx43) is necessary for the maintenance of compaction and, thus, for subsequent blastocyst formation in mice (Lee et al, 1987; Bevilacqua et al, 1989) . Desmosomal junctions are part of the epithelial adhesion sysfem involved in mouse blastocoel cavitation and play a role in stabilizing the trophectoderm as the blastocyst expands (Fleming et al, 1991; Collins el al, 1995 1991; Buxton et al, 1993; Garrod, 1993) . Glucose plays an important role in embryonic metabolism. In the mouse blasto¬ cyst, most of the apparent glucose uptake is mediated by facilitative carriers, for example, glucosetransporters (Gardner and Leese, 1988; Gardner and Kaye, 1995) . The poly(A) tail found at the 3'-ends of nearly all eukaryotic mRNAs is responsible for the initiation of translation and the regulation of mRNA breakdown (Jackson and Standart, 1990; Bachvarova, 1992) . Synthesis of the poly(A) tail is carried out by a poly(A) polymerase (Takagaki et al, 1988; Wähle, 1991) . During early development, increased temperatures, free radicals and oxygen stress have deleterious effects on embryonic viability and development (Ealy et al, 1993) . Thermotolerance IFNx, also named TP-1, is a major secretory protein produced by the trophoblast cells of the bovine blastocyst (HemandezLedezma et al, 1992; Watson et al, 1992) and plays an important role in pregnancy establishment via its antiluteolytic effect (Bazer et al, 1991 (Parrish et al, 1986 (Parrish et al, , 1988 (Fig. 1) .
The results of the transcription pattern in all preimplanfation stages of bovine oocytes or embryos generated in vitro (Table  2) and of morulae and blastocysts derived in vivo (Table 3) are summarized. RT-PCR products were sequenced to ensure the specificity of PCR amplification. The obtained sequences pos¬ sessed identical nucleotide sequences to the published bovine DNA sequence data.
Discussion
In the present study, the effects of a semi-defined culture system on the temporal mRNA expression pattern of ten (McLachlin et al, 1983; Valdimarsson et al, 1991) and, thus, the preparatory step for compaction and blastulation. No gap junction coupling was visible in bovine blastocysts produced in vitro (Prather and First, 1993) , and the Cx43 gene was transcribed up to the morula stage in IVP bovine embryos, whereas the transcript was found in blasto¬ cysts produced in vivo (Wrenzycki et al, 1996) . In the present study, similar culture conditions were used as in the previous study with two exceptions. The semen used for IVF stemmed from a different bull and maturation and culture media were supplemented with BSA instead of oestrus cow serum (OCS). Serum was substituted by BSA because serum has been attributed with pertubations in embryo morphology, metab¬ olism, ultrastructure and postimplantation development (Dorland et al, 1994; Gardner, 1994; Thompson et al, 1995 (Granot and Dekel, 1997) . In addition, a similiar expression pattern was found for the GCS (glutamylcysteine synthetase) gene in IVP bovine embryos (Harvey et al, 1995) .
Desmosome formation is correlated with the onset of blastocoel formation in mouse embryos (Fleming et al, 1991;  Collins et al, 1995) . Three types of bovine desmocollins have been described (Legan et al, 1994) (Javed and Wright, 1991) . Glut-1 was found to be distributed in the trophectoderm and inner cell mass cells of mouse embryos, while Glut-2 was restricted to the inner trophectodermal membranes (Aghayan et al, 1992) . The present data demonstrate that Glut-1 is transcribed throughout preimplantation bovine development, suggesting that the tran¬ script is of maternal and embryonic origin. Glut Kaye, 1996) . IGF-I was found to have a beneficial effect on the developmental capacity of bovine embryos (Herrler et al, 1992) . Bovine embryos produced in vitro transcribe the IGF-I receptor throughout preim¬ plantation development (Watson et al, 1992 (Paynton et al, 1988) . Maternal mRNAs gain or lose their poIy(A) tail in the cytoplasm at specific timepoints during development (Bachvarova et al, 1985; Paynton and Bachvarova, 1994 (Ealy et al, 1993; Edwards and Hansen, 1996, 1997) . The sensitivity of maturing oocytes and early embryos to increased temperature has been attributed to the lack of an appropriate mechanism that confers heat resistance. Molecules of the HSP70 family were found to provide thermoprotection by refolding damaged proteins and protecting rRNA (Duncan and Hershey, 1989; Nover and Scharf, 1991) . The data from the present study demonstrate that transcripts encoded by the HSP70.1 gene are detectable throughout bovine preimplanta¬ tion development, suggesting a stage-specific mechanism of bovine oocytes and embryos to heat shock. In oocytes, heat shock altered the development to blastocysts, whereas morulae were not affected (Edwards and Hansen, 1996, 1997 (Aréchiga et al, 1995 (Bartol et al, 1985) . This antiluteolytic signal is primarily responsible for inhibiting uterine production of luteolytic concentrations of PGF2u (Bazer et al, 1991 Schultz, 1993; Vernet et al, 1993; Ho et al, 1994 Ho et al, , 1995 Shim et al, 1996) (1995) Regulation of desmocollin transcription in mouse preimplantation embryos Development 121 743-752
